A Gram-stain-positive, facultatively anaerobic and rod-shaped bacterium, designated strain xj7 T , was isolated from roots of Typha angustifolia L. growing in Beijing Cuihu Wetland, China. The isolate was identified as a member of the genus Paenibacillus based on phenotypic characteristics and phylogenetic inference. The novel strain was spore-forming, motile, catalasepositive and oxidase-negative. Optimal growth of strain xj7 T occurred at 28-30 6C and pH 7.0-7.5. Diphosphatidylglycerol was the most abundant polar lipid and occurred along with phosphatidylglycerol, phosphatidylethanolamine, one unknown phospholipid and three unknown aminophospholipids. The diamino acid found in the cell-wall peptidoglycan was mesodiaminopimelic acid. The predominant isoprenoid quinone was MK-7. The major fatty acid components were anteiso-C 15 : 0 (56.1 %), iso-C 16 : 0 (9.1 %), C 16 : 0 (8.0 %), iso-C 14 : 0 (6.3 %) and iso-C 15 : 0 (5.1 %). The G+C content of genomic DNA was 47.9 mol%. Phylogenetic analysis based on the 16S rRNA gene sequence showed that strain xj7 T fell within the evolutionary radiation encompassed by the genus Paenibacillus, its closest neighbours were Paenibacillus borealis KK19 T (97.5 %) and Paenibacillus durus DSM 1735 T (97.1 %). However, the DNA-DNA relatedness values between strain xj7 T and P. borealis KK19 T and between strain xj7 T and P. durus DSM 1735 T , were both 35 %. Based on phenotypic, chemotaxonomic and phylogenetic properties, strain xj7
Species of the genus Paenibacillus are aerobic or facultatively anaerobic, endospore-forming, rod-shaped bacteria and have been isolated from a wide range of sources including soil Wu et al., 2011) , water (Baik et al., 2011; Tang et al., 2011) , sediment (Moon et al., 2011) , plant rhizosphere (Jin et al., 2011a (Jin et al., , 2011b , plant seeds (Liu et al., 2010) , food (Scheldeman et al., 2004) and patients (Ko et al., 2008; Roux et al., 2008) . In this paper, we describe a strain xj7 T , isolated from roots of narrowleaved cattail (Typha angustifolia L.). The organism was considered to be a Paenibacillus-like bacterium on the basis of 16S rRNA gene sequence comparison and phenotypic, genetic and chemotaxonomic analyses showed that it represents a novel species of the genus Paenibacillus.
Strain xj7
T was originally isolated from plates of tryptic soy agar (TSA; Becton Dickinson) by inoculating the root suspension of T. angustifolia collected from the cattail zone (106 u 109 55.270 E 40 u 059 59.240 N) in Beijing Cuihu Wetland, China. TSA contained the following: 1.5 % pancreatic digest of casein, 0.5 % papaic digest of soybean meal, 0.5 % NaCl and 1.5 % agar, the pH value was 7.3±0.2. The roots were collected from 15 cm below the water surface and crushed in a ceramic mortar after rinsing three times with sterile double-distilled water (ddH 2 O). The root suspension was made by adding 1 ml sterile 0.85 % NaCl to 0.5 g pulverized roots and diluting with sterile 0.85 % NaCl using the standard dilution-plating technique. The novel strain was isolated after 2 days of incubation at 28 u C and maintained on TSA at 4 u C or as glycerol suspensions (30 %, v/v) at 280 u C. Biomass for chemotaxonomic and molecular systematic studies was prepared by growing the strain in shake flasks of tryptic soy broth (TSB; Becton Dickinson) at 28 u C for 2 days. Cells were harvested by centrifugation, and freeze-dried before use in physiological and biochemical studies. The identification was performed based on the proposed minimal standards described by Logan et al. (2009) 
Preparation of genomic DNA was carried out according to the method of Marmur (1961) . The 16S rRNA gene sequence of strain xj7
T was determined by PCR amplification using the universal primers 27f and 1492r (Lane, 1991) . The amplification of partial RNA polymerase bsubunit (rpoB) gene and nitrogenase reductase (nifH) gene were performed as described previously (Dahllöf et al., 2000; Ding et al., 2005) . The amplification products were purified and cloned into a pMD18-T vector (TAKARA). Sequencing was performed by using an ABI Big Dye Primer cycle sequencing ready reaction kit and an Applied Biosystems 3730 DNA sequencer. The 16S rRNA gene sequence of strain xj7
T was first analysed using EzTaxon-e (Kim et al., 2012) to determine the most closely related type strains and calculate the sequence similarities. The sequences of 16S rRNA gene, partial rpoB gene and nifH gene of strain xj7 T were aligned with those of related species by CLUSTAL W (Thompson et al., 1994) and phylogenetic trees were constructed using the neighbourjoining (Saitou & Nei, 1987) and maximum-likelihood methods in the MEGA 5.0 software (Tamura et al., 2011) . Bootstrap analysis (1000 replications) was used to evaluate the topology of the trees.
An almost complete 16S rRNA gene sequence (1509 bp) was obtained for strain xj7
T . Comparative 16S rRNA gene sequence analyses showed that it was phylogenetically affiliated with species of Paenibacillus, the highest level of similarities being found with Paenibacillus borealis 
KK19
T (97.5 %; Elo et al., 2001) and Paenibacillus durus DSM 1735 T (97.1 %; Judicial Commission of the International Committee on Systematics of Prokaryotes, 2003; Smith & Cato, 1974) . Strain xj7 T also shared near 97 % 16S rRNA gene sequence similarity with Paenibacillus odorifer TOD45 T (96.9 %, Berge et al., 2002) , Paenibacillus stellifer IS1 T (96.8 %, Suominen et al., 2003) and Paenibacillus jilunlii Be17 T (96.6 %, Jin et al., 2011b) . The phylogenetic tree based on 16S rRNA gene by neighbourjoining method was shown in Fig. 1 . It was obvious that strain xj7
T fell within the evolutionary radius of the genus Paenibacillus, and clustered together with some species of the genus Paenibacillus with a reliability of 90 %. The maximum-likelihood tree also supported the clustering of strain xj7
T and species of the genus Paenibacillus (Fig. S1 available in IJSEM Online). In addition, a 374 bp partial rpoB gene and a 324 bp of nifH gene segment were amplified by PCR. Phylogenetic trees based on these two functional gene segments also indicated that strain xj7
T was closely related to species of the genus Paenibacillus, like P. borealis KK19 T , P. durus DSM 1735 T and P. odorifer TOD45 T (Fig. 2a, b; Fig. S2a, b) . Combined the 16S rRNA gene sequence similarity analysis and the phylogenetic analyses of the functional genes, P. borealis KK19 T , P. durus DSM 1735 T , P. odorifer TOD45 T , P. stellifer IS 1 T and P. jilunlii Be17
T were considered to be closely related species of strain xj7 T and used as the references for further taxonomic studies. All subsequent conventional phenotypic tests were performed in parallel on the new isolate and on these five reference strains except for GP2 MicroPlate, polar lipid, respiratory quinone, cell-wall peptidoglycan, DNA G+C content analysis and antibiotic sensitivity tests.
Growth on various standard bacteriological media was tested by using TSA, nutrient agar (NA; Becton Dickinson) and R2A (Becton Dickinson) agar according to the manufacturer's instructions. Cell morphology was observed by using light microscopy (BX50; Olympus) and scanning electron microscopy (FEI QUANTA scanning fibre-optic microscope) after 2 days growth on TSA at 28 u C. Endospore formation was observed by using phasecontrast microscopy (TMS-F; Nikon). Cell motility was determined by observing the growth spread of cells in test tubes containing semi-solid TSA medium after incubation at 28 u C for 24 h. Colonial properties were examined after 6-10 5-9 (5.6-8.0) 5-10 5-10 6-10 5-10 (4-9) Optimum growth pH 7.0-7.5 7.0-8.0 (7.0) 7.0-8.0 7.0-7.5 7.0-7.5 6.5-7.0 (6.0) NaCl (%)
2 days growth at 28 u C on TSA. Growth at 0-10 % NaCl (increments of 1 %) was investigated in TSB prepared according to the formula of the Becton Dickinson medium except that no NaCl was used initially. Growth at various temperatures (4, 10, 15, 28, 30, 37, 40 and 45 u C) was measured on TSA for 5 days. The pH range (4-10 at intervals of 0.5 pH units) for growth was determined in TSB. Anaerobic growth was tested on TSA for up to 5 days in a jar containing an AnaeroPack-Anaero (Mitsubishi Gas Chemical). Phenotypic characteristics such as Gram staining, catalase activity, oxidase activity and hydrolysis of casein, Tween 20, Tween 80, egg yolk and starch were performed using the methods of Smibert & Krieg (1994) after incubation at 28 u C for 24 h in TSB or on TSA. Methyl red and Voges-Proskauer reactions were assessed as described by Dong & Cai (2001) . Utilization of a variety of substrates as sole carbon sources was tested using the GP2 MicroPlate Gram Positive Identification test panel (Biolog) by the identification service of the China Center of Industrial Culture Collection (CICC) and the test was read after incubation at 30 u C for 16-24 h. The physiological, biochemical properties and enzyme activities were further determined using API 20 NE, API 20E, API ZYM strips and API 50CH strips combined with API 50CHB medium according to the manufacturer's instructions (bioMérieux). Antibiotic sensitivity of strain xj7 T was performed using Etest to determine the minimal inhibitory concentration values for some antibiotics according to the instructions (bioMérieux).
Cells of strain xj7
T were Gram-stain-positive, facultatively anaerobic, motile rods (0.3-0.562.2-10.3 mm) with flagella (Fig. S3a) . The ellipsoidal spores were formed in the terminal region of the cell (Fig. S3b) . Colonies of strain xj7
T on TSA were moist, circular, convex, opaque, ivory in colour, glossy with entire margins and 1.0-1.5 mm in diameter after 2 days cultivation at 28 u C. Strain xj7 T grew at 10-40 u C (optimum 28-30 uC) on TSA and grew in TSB containing 0-3 % NaCl (optimum 0.5 % NaCl). The pH range for growth was pH 6-10 (optimum pH 7.0-7.5). Detailed results of physiological and biochemical analyses of strain xj7
T are given in the species description and Table 1 shows the features that differentiate the novel isolate from members of other closely related species of the genus Paenibacillus.
Polar lipids extracted from 100 mg freeze-dried cell material using a chloroform : methanol : 0.3 % aqueous NaCl mixture (1 : 2 : 0.8, by vol.) were separated by twodimensional TLC and plates were stained with 5 % molybdophosphoric acid. Purified peptidoglycan preparations were obtained after disruption of cells by shaking with glass beads and subsequent trypsin digestion and treatment with SDS according to the method of Schleifer (1985) . Both the polar lipids and peptidoglycan analysis of strain xj7 T were carried out by the Identification Service of the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ) and Dr B. J. Tindall (DSMZ, Braunschweig, Germany). Cellular isoprenoid quinones were extracted, purified and analysed as described by Elo et al. (2001) . DData in parentheses were from Smith & Cato (1974) . dData in parentheses were from Berge et al. (2002) . §Data in parentheses were from Suominen et al. (2003) . ||Data in parentheses were from Jin et al. Collins (1985) and Wu et al. (1989) by the CICC. To determine the whole-cell fatty acid composition, strain xj7 T and the five reference strains were incubated on TSA at 30 u C for about 48 h. When the strains were in comparable growth phases, extraction and analysis of the cellular fatty acids were performed by China General Microbiological Culture Collection Center (CGMCC) according to the standard protocol of the Sherlock Microbial Identification system (MIDI; Sasser, 1990 ) version 6.0 and peaks were identified using the peak naming table TSBA6 6.00.
The major polar lipid pattern of strain xj7 T was dominated by the presence of large amounts of diphosphatidylglycerol, while small amounts of phosphatidylglycerol, phosphatidylethanolamine, one unknown phospholipid and three unknown aminophospholipids were also detected (Fig. S4) . Cell-wall peptidoglycan of strain xj7
T contained mesodiaminopimelic acid, alanine and glutamic acid, and the peptidoglycan type belonged to Alc m-Dpm-direct (type A31, according to http://www.peptidoglycan-types.info). The predominant isoprenoid quinone in strain xj7
T was menaquinone with seven isoprene units (MK-7), in line with all other members of the genus Paenibacillus. The complete fatty acid profiles of strain xj7
T and its closest relatives are given in Table 2 . The major fatty acid profile of strain xj7
T comprised (.5 %): anteiso-C 15 : 0 (56.1 %), iso-C 16 : 0 (9.1 %), C 16 : 0 (8.0 %), iso-C 14 : 0 (6.3 %) and iso-C 15 : 0 (5.1 %). Thus, its fatty acid profile was similar to those of other Paenibacillus species, although there were differences in the proportions of some fatty acids ( Table 2 ).
The G+C content of the genomic DNA was determined using the thermal denaturation method (Marmur & Doty, 1962) with Escherichia coli K-12 as a control. DNA-DNA hybridization experiments were carried out to evaluate the DNA-DNA relatedness between strain xj7 T and its closest related neighbours (P. borealis DSM 13188 T and P. durus DSM 1735 T ) using the optical renaturation rate method (Gillis et al., 1970) and a Perkin Elmer Lambda 35 UV/VIS spectrophotometer by the service of CICC. The G+C content of the DNA of strain xj7 T was 47.9 mol%, a value within the range reported for recognized members of the genus Paenibacillus (Table 1) . Three repeats of DNA-DNA hybrids with a melting temperature (T m ) value of 76.3 u C showed that the DNA-DNA relatedness values between strain xj7
T and P. borealis DSM 13188 T and between strain xj7 T and P. durus DSM 1735 T , were both 35 %, clearly below the 70 % threshold value generally accepted for species delineation (Stackebrandt et al., 2002) .
In view of the combined morphological, physiological and chemotaxonomic data and of the phylogenetic inference presented here, it is evident that strain xj7 T belongs to the genus Paenibacillus. However, differentiating phenotypic characteristics as well as phylogenetic and genomic distinctiveness distinguish it from previously described species of the genus Paenibacillus. Hence, strain xj7
T is considered to be a novel species in the genus Paenibacillus, for which the name Paenibacillus typhae is proposed.
Description of Paenibacillus typhae sp. nov.
Paenibacillus typhae (typh9ae. N.L. gen. n. typhae of Typha, referring to Typha angustifolia, the wetland plant from which the type strain was isolated).
Cells are Gram-stain-positive, facultatively anaerobic, motile rods (0.3-0.562.2-10.3 mm) with flagella. The ellipsoidal spores form in the terminal region of the cell. Colonies on TSA are moist, circular, convex, opaque, ivory in colour, glossy with entire margins and 1.0-1.5 mm in diameter after 2 days cultivation at 28 u C. Growth also occurs on R2A and NA medium, but no growth is observed on MacConkey agar. Growth occurs in the presence of 0-3 % NaCl (optimal growth with 0.5 % NaCl), at pH 6.0-10.0 (optimal growth at pH 7.0-7.5) and at 10-40 uC (optimal growth at 28-30 u C). Positive result in tests for catalase, tryptophan deaminase and methyl red test, aesculin and ONPG hydrolysis, but negative for oxidase, urease, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, citrate utilization, H 2 S production, indole production and Voges-Proskauer reaction. Degrades starch, egg yolk and casein, but does not degrade Tween 20 or Tween 80. Nitrate can be reduced to nitrite, but cannot be reduced to nitrogen. Acid is produced from glycerol, L-arabinose, D-xylose, methyl b-D-xylopyranoside, (C8), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and b-glucosidase, but negative for lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, Nacetyl-b-glucosaminidase, a-mannosidase and a-fucosidase (API ZYM test strips). Sensitive to the following antibiotics (the minimal inhibitory concentrations in mg ml 21 are shown in parentheses): azithromycin (2), kanamycin (2), ofloxacin (0.5), tetracycline (0.1), rifampicin (0.125), cefotaxime (0.05), streptomycin (6) and chloramphenicol (1), but resistant to amphotericin B. The major polar lipids contain large amounts of diphosphatidylglycerol and small amounts of phosphatidylglycerol, phosphatidylethanolamine, three unknown aminophospholipids and an unknown phospholipid. The diamino acid in the cell-wall peptidoglycan contains meso-diaminopimelic acid. The predominant isoprenoid quinone is MK-7. The major fatty acids are anteiso-C 15 : 0 , iso-C 16 : 0 and C 16 : 0 .
The type strain, xj7
T (5CGMCC 1.11012 T 5DSM 25190 T ) was isolated from the roots of narrow-leaved cattail (Typha angustifolia L.) collected from the constructed Beijing Cuihu Wetland Park, China. The DNA G+C content of the type strain is 47.9 mol%.
